12 United States Patent

US0115350874B2

(10) Patent No.:

US 11,530,874 B2

Hu et al. 45) Date of Patent: Dec. 20, 2022

(54) DRY BOX AND CONTROL METHOD (58) Field of Classification Search
THEREOFE, AND PREPARATION METHOD CPC oo, F26B 23/04; HO1L 51/56
OF ORGANIC ELECTROLUMINESCENT USPC oo, 34/523

DEVICE See application file for complete search history.

(71) Applicant: BOE TECHNOLOGY GROUP CO., :
LTD., Beijing (CN) (56) References Cited
. _ U.S. PATENT DOCUMENTS
(72) Inventors: Chunjing Hu, Beijing (CN); Wenjun
Hou, Betjing (CN) 5226242 A * 7/1993 Schwenkler ...... HO1L 21/67034
34/493
(73) Assignee: BOE TECHNOLOGY GROUP CO., 7,363,729 B2* 4/2008 Tanaka ...................... F26B 3/28
LTD., Beijing (CN) 205/333
8,828,763 Bl 9/2014 Lee et al
(*) Notice:  Subject to any disclaimer, the term of this 9,698,308 B2* 72017 .BOWQT ******************** GO2F 1/167
patent is extended or adjusted under 35 (Continued)
U.S.C. 154(b) by 284 days.
FOREIGN PATENT DOCUMENTS
(21) Appl. No.: 16/651,567
CN 103227187 A 7/2013
(22) PCT Filed:  Apr. 3, 2019 CN 104051674 A 972014
(Continued)
(86) PCT No.: PCT/CN2019/081305
$ 371 (e)(1), OTHER PUBLICATIONS
(2) Date: Mar. 27, 2020 International Search Report of PCT/CN2019/081305 in Chinese,
dated Jul. 5, 2019, with English translation.
(87) PCT Pub. No.: WQ2019/237802 S 2, ST TR BASTRR TEEeT
PCT Pub. Date: Dec. 19, 2019 Primary Examiner — Stephen M Gravini
(74) Attorney, Agent, or Firm — Collard & Roe, P.C.
(65) Prior Publication Data
US 2020/0263924 Al Aug. 20, 2020 (57) ABSTRACT
A dry box and a control method therefor, and a preparation
oreign ication Priori ata method for an organic electroluminescent device are pro-
(30) Foreign Application Priority D hod 1 ganic el lumi devi P
vided. The dry box includes a cavity and a hot plate arranged
Jun. 14, 2018 (CN) .o, 201810613551.3 in the cavity. The hot plate includes a plurality of heating,
spots, the plurality of heating spots being arranged towards
- UL the hot plate to support a surface ol a device {0 be dried, an
(531) Imt. Cl he hot pl pp rface of a device to be dried, and
F26b 23/04 (2006.01) some of the temperature of the plurality of heating spots
HOIL 51/56 (2006.01) being different and the heating spots being insulated from
(52) U.S. CL each other.
CPC .............. F26B 23/04 (2013.01); HOIL 51/56
(2013.01) 15 Claims, 6 Drawing Sheets

S

- L 1
------
- ] 1

........
--------
& L] *

‘;l-‘fh"""il""'l"fl-!I-II-II-.}-II-II'.-II-II-I‘-II-I-QI'I-I -.-I.-I'-. b rehks -I" LN ] -l:-ll""' 1



US 11,530,874 B2
Page 2

(56)

9,814,331
9,947,697
10,240,867
2013/0193418
2015/0097173
2017/0092860
2018/0123076
2020/0263924
2021/0027691
2022/0013754

References Cited

U.S. PATENT DOCUMENTS

B2* 11/201
B2* 4/201
B2 3/201
1 8/201
4/201
3/2017 Jia et al.

5/2018 Fukuda et al.
1* 82020 Hu
1* 1/2021 Hu
1*  1/2022

Alexander

Ishikawa

~J] Lh W \O OO0 ]

N A

FOREIGN PATENT DOCUM

CN
CN
CN
CN
CN
CN
WO

WO-2019237802

Long .....cooovvvnnnnnn,
Zielinskl ...........

Watanabe et al.

iiiiiiiiiiiiiiiiiiii
iiiiiiiiiiiiiiiiiiii

ttttttttt

104518175
105132868
105428554

A 4/201

A

A
108011050 A

A

A

A

12/201
3/201
5/201
5/201

12/201

1 * 12/201

108091778
109059436

o QO QO 00 O Lh Lh

* cited by examiner

tttttttt

A47]36/2494

HOIL 27/1255
****** F26B 23/04

****** F26B 23/04

G09G 3/2003

****** HOIL 51/56

...... F26B 23/04



U.S. Patent Dec. 20, 2022 Sheet 1 of 6 US 11,530,874 B2

/30
20 21
FIG. 1
20)
23
A
f‘f/ ) ) a

B N a a

FIG. 2



US 11,530,874 B2

- c 3 .

& r
.

- r
. .

- "

M 3 .
- - . = = = = = = "~ -
. . I.l...--- .-.-- .l.*.l .

- - -
- r .
. ' r.

- -
[ ] [ ] .

- P "
[ . -

r PP P T T L L L L L P T L P P L L P P | - m m m m m mh I T T T TR TG T T S T T T T TR, TRC, T TR, W DL T L T L TR, TG, TR TG, S T DL L AL AL T .._....................l..l.. |||||||||||||||||||||||||||
” - .'.r .r '.r '.r '.T'.r '.T'.T'.T'.T'.T'.T'.T'.T'.T'.T'.T'.T'.T'.T'.T'.T'.T'.T'.T'.T'.T'.T'.T'.T'.T'.T‘.T‘.T'.T‘.T‘.T‘.T‘.T‘.T‘.T .T'.T'.T'.T'.T'.T'.T'.T'.T'.T'.T'.T'.T'.T'.T'.T'.T'.T'.T'.T'.T'.T'.T'.T'.T'.T'.T'.T'.T‘.T'.T'.T‘.T‘.T‘.T‘.T‘.T‘.T‘ '.T .T'.T'.T'.T'.T'.T'.T'.T'.T'.T'.T'.T'.T'.T‘.T‘.T'.T‘.T‘.T‘.T‘.T‘.T '*'.T'*'*'*'*'*‘*‘*‘*‘*‘*‘*‘*‘*‘*‘*‘*‘ "l
A - ﬁrr.r.r.r.r.r.r.r.r.r.r.rtr_._. . o
. ) ¥ - ll1

- *
o " . -r
§ . - -

- L)
” i . _r

-’ . . - l.-.I
. et - -
St L N i.'ll.l.-_!tl.-.llltl.-.ll.i.-.l L I.rl.-_l.rl.r' .l .l._1.l._1 .r.l.r.l.r.l.r.lrl.hl.hl.rl.hl.rl.rl.hl.?l.rl.hl..r.l.r.l.-..l.r.l.r A e E R R r P rrr rrrr ik P EFF RN FFRE TSR EY I.!..n SN FEPN |“1

- . Bl i e
. . .

- . L - » "+
§ . . - A m -

. %ﬁ% . . . ,
” i . - r -r

X I~ . - wr -r
- + f] - A m -
- . * >

. . . . -

= - P s
. . m -pm

L] L] [ ] L ]
o= ) - r -r
. . . -
' ' ..__ -y ..-_l l.-.l

. 1_ LT T T I T T T T T T T T T T T W MMM MM m L e T MMM A o mmm

L
Ju- -..__-_.___-b_-r_-_.___-.___-.___-.___-.___-..__-_.___-.___-..__._.___-_._._.r_.r_-_._._.._i.i._..__. l.l..__.-l.t..__-t.t.i.nt.t..t-t.t..t-t.t._.t -y .__-._.t t._..__- e ._..__.._.l._.i._..__.._.l.__i._..__...___..r__..____..r__.h___..r__..r__..r__..r...rt.r__..r__..rtt__.krrt.r_m-_._._ i e e e e e e e e t-. La L2
Byt : ol 1l'. -il Iil

- . - * L)
. . . 1 A m -

- - - * -
- - B A -

. - » - - - .
= = O o - -

- - . - [
. . . . . . . [ A m - m

= P . . . . = - Y
- rea - e e e e e e e e e e e e e -

3 "o nm"n ey l.t. ..___-_..__....__.___.__-._-__-__-._-__-__-._-__-_-_-_-__-_-_-_ 2 X
e 1.I....I.._.I....I....I.._.I....I._..I....I....I.-.I.._.l....-..-.l_.._.l....l_tl.._.l.... o S A A A e A Y - ....l.._.l....l._..l.._.l....l....l.._. _...I_._...-_.._.I.....-.....I.....-_.....-.....l_.._.l....-.._..l_.._.l....-.....l_.._.I....I._..I.._.I....I....I.._.I....I....I.._.I....I._..I.._.I....I....I.._.I....I....I.._.I....I._..I.._.I....I....I.._.I.... - .._. * .... - .... - .._. * .... [l Nl Al T e e N ._..._. 5 a
e 3 it .

. . .

] . * L)
. . T -

4 - * L)
. . e m -

f ) ; g . .
. e . -

a ' r . . [
. . . a'm

. - * L)
. . m a'm

0 ’ . A £ %
- . ..".- e e e e e e e e e e e e e e . - . . -
- A N N X N N _N_N_N_N_N_N_N_N_N_N_1 L 111 I L _L_L_EC_E_C_T_ [_T L T ] -
._.
- - . -’- | I I I‘.‘i‘-‘-‘-‘-‘-‘-‘- IR R F R R R R R '--'-‘-'-‘-'-‘-'-‘-'-‘-'-‘-'-‘h r... &b. .*l
[ ] | ] . = - .

- - & . [y
. . . a'm

- - * L)
[ ] | ] . = -,

- - & . [
. M T a'm

- r - - .
L] L[] . - - -

- - & . [
. . m a'm

- - * L)
- [ . = m -

t 3 - . *
L] L[] . - - -
e '3 _-._-.hl o - M =

- . Em s s ... - & . [

- rr FrrFrrr F = m -
ik L 3 L £ E . . . .

- & . [
[ ] | ] = -,

- L . . Y [
- 1 . 1 [ = m -

- - L)
L] - \ ' L[] l'l .*l
B a3 3 Al ._._l._f . . . - m

- - . » -
- . . [ -‘l

- A
= F T O O N NN N N NN N N N O S R U N N N N N L T N N N N r s L Y Ll
- L..._ L0t al aC atnt a aCntnl nlatal et nl ot at n aat nl nCat uC a0t e e A N O NN ll-_lllll-_lllll-l-lilnlililnlililnlililvl-_ l-l-l-l-l-l-l-l-l-”-uilnuiulunuiuiunuiuiunt O t."t_-iu.l....nni....l .-ﬂininnnnri.r |
N - . - . - ..._ ... ... ... ... ... ..._ ... ... ..._ ... - = m . m_m o o - N - -.-_l - -_-.

. Alqinlqlaldlalalalalal » -
L] P F P FrPFrPFrrrrrere L[] - - -

. ! * L)
[ ] | ] = -,

- » L)
- r [ = m -

. * L)
L] L[] - - -

- * L)
L] L[] - - -

4 - L)

| ] - .

. 1 " A h I.l [

- I.-.l R R .

- - [ & &2 & b or

. . __.-_l - __.._.... - ...!.__.

- ._. L o - - s

J
ﬁ....!.f....l._f.f.f._f.r._._l._._l._r. Aliiititititi.tii e -"- - h_.__“ ey

. .'..-

L3 r oy o i
. Ao, .I. .l..l..l......l..l..l.-.-_ ul......l.._...l..l..l..l......l..l..l.-..l.....
Lt 1.l". LS O NN N DN RN DN NN NN R NN N DR DR NN DR DN R B Ca'aCat

| DN BN BN DR BN DN BN BN BN B BN DR BN BRF B | h‘-‘h‘-.h‘-.h‘-‘h‘-.h‘-‘h'-‘- [ | - h | .-'.-'.-'.-'.1'

[N NN NN RN RN RN NN

L. L L L L I L I I & ”
N
: Tl L .
- . L[]
P
LK KK L]
: i...ﬂ.tlrirlr.ll LT, .
P
rF F F F F F F. F . F. F.FP. F.rFra LN ' ] r o L)
3 . ..-u.—-.-.-.—.—.—-.-...—- B R e ututuwutut#wuk#t#fl#tu_.. #.-__....#.r__..—.u..wu..__. #.-__....#.w__..—.u..wu..__. #.w__....u..__. ._..—.__....._..__. __..—.._....u..__. __..—.__....u..__. __..—.__....u..__. __..—.__....u.___. __..—.__.tu..__. __.tu...u.___. u_-....tu.__. __.tutu.___. ut__.tuw__.tmtu___. ut__.tuw__.tmtu___. ut__.tuw__.tm
P i .- =, b
s L uhﬂ%ﬂ .
[ . Pl .
B o Py ! r
e LN A W e ._..__.__..___u a’ ' .
LA e A
P i) ..I.-..-.-.....r 3 r
et el e .
- o [ ]
* o - o e e e e e ¥
BN A A i N G e i i I G i i M N ) wowr o wowowroa

- L L L L L L L E A N N A
lllllllllllllI.IIIIIIIIIIIIIIII"'I.IIIlIllllllllllllllllllllll AN EEEEEEEEEEEEEEENNENNpY
[t [ " Tt e i e S T T T T T

T rr rrrrrrrr

" ._-".-.—-.—-_.—-.—_-_.—_-..—.-_.—_-_.-.-..—_-_.—_-_.-.-..—_-_.—_-_.—_-_.—.-_.—_-_.—_-..—_-_.—_-_.—_-..—_-_.—_-_.-_-..—_-_.—_-_.—_-..-_-_.—-..-.-..-.-.—-..—.-..—.-..—.-..—-..—-.—-.—-.—-.— »latae" l.—-.-|.—lt-tltlt-_._.l+l....-.._..l+.l....-..”..twiw#wﬁwﬁw#wﬁwﬁwﬁ+ﬁ+i+ﬁ;.l. el et .l..-_.ld._..l. ) .l.....l.....l.....l.....l.....l.....l....-_....-_....l....l....-_....-_....l....n....-_....l._.-....-_t

-

Dec. 20, 2022

FF F F Qe rr ey rrrrrnr
rr.rrrrr.r

F .'.‘.—. -. L I

.._4._“..,____._.. i __.lt__.._._ - “
mh__...m..w.“

U.S. Patent

I.HIIIHHH!HHHHHHHHHHHHHHHIHIHlHEEHIlllHIHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHllIllIllHllIllHllHlllllHllHlllllIllHHHHHHHHHHHHHHHHHHHHHHHW-

.
‘l
'
-
.
Ta
"
.
X

- - + kB - F L
M a'm g, Wy e
* L) .-
" - R .
- L) .
am - b oa
- L)
" m - Pl |
* L) B
A m aw "
i i ..
- L e “ o et et et e e At A A A A A A A e
i A m aw P - - L L L T T e R e A
" .....‘.. o ata ‘. 1....1
- . ' [ L o
roir " m - - . i
. - . -, ' Ll .._.
i A m aw . . r
. - L - L g, ....
T - . r " r 1 ' -
" iy - N'%A r " w .r'
R Rk Hl"-. . et . 1 k L, ! o
u__.___.u ¥ u_.___. X __..__.__..__.u_..__.__..__.t-.-...._..__.__..__.._..__.._..__. J.I”. .q i ! .__._. ...n
.
I
. - . .._. . . C e "
[ ] " '” .r.'.. i.. i.b '.*i.*i.*'.*i.*i.*'.*i.*i.".*i.‘i.'"‘."""""""""" .-. ~
- .
i - ..
. L) A N N N N N A N N A AN A AN A N R R e g
3 . ....H. |l:.r +.._r._..f.._r._._+._.r.___f._._r._..f.._r._._+..._.._._+..__.._..+..__.._.__...._...__..___...._...__...__...._...__..___...._...__...__...._...__...__...._...__...__...._...__...__.... .
. r
- S “ute '
" -I?. . l.l I - . - El-_ ' H.
._.I._.I._.I._.I”.I._.I”.I._.I”.IIII r i P
R r .. - y
- ' = - '
) .rl.l : ' . ' .r‘.
.r _n....-.
_l._..._._....a.r Jtltltltltltltltu.tltﬂtl}._..r 1

..J..J..f.'.a..-.l..-..fl.l..-..-..'.-..-..-..-..-.i..-..-. .-..-..-..-..-..-..-..-.‘.-.‘.-.I..-..-..-..-.}
I"“‘“‘"'"'"'"""""""""""'l

i

e s e e .H-.

A e e e e e e e e e e ..........................-...... .‘Hi.l.u - ﬂ'ﬁw Hﬂw .Ii.
-I-I-I-'-l-l-'-l-l-'-l-l-'-l-l-l-l-l-."l % . .. . b 1 u .1 -....l.

o ’ a N - . 3

3 ) H”” - ] ““H
3 T .
- T T A LD o

F1G. 3



US Patent Dec. 20, 2022 Sheet 3 of 6

' |
@Q@@@@@@@Q e
e0055a50 5

(6005R0 5
/ b gaoa00 45 J/ﬁﬁo

COOOOoU L0
Lgalpelioelibolpalio T

-------------------------

[
I

Loanebalbolnalle

----------------------




U.S. Patent Dec. 20, 2022 Sheet 4 of 6 US 11,530,874 B2

F1G. 5



US 11,530,874 B2

Sheet 5 of 6

Dec. 20, 2022

U.S. Patent

i i.__l.__l.._i.__l.__l.._l..__l.-l.-l.-l.-l R

Ll

'

‘I'
&

i e e e b i e Ak

E g EEFEFEFFFFFFFFSEFESFEFEEFEEREEREEREERESEFSFEFESFEFEFFESFEEEEEEEFEEFEEFEEEFEEEFESFEFEFESFEFEETEFEEFEEETSEEEFESNFEFEYFERFEFEREERFEEFEREEREEFEREEFEFEEFEEREERER

LI I I L]

P e .

- EE N N I T S I I T O O R T O O O O I R O | EE I T N O I T O O OO OO I I N I R N ST N I T I R T T O O |

u.._.-_.__._._.-_.___._..._._.___._..._._.___._..._._.___.__..___.___.__..___.___.__..___.___.__..___.___.__..___.___.__..___._-_._.I.___._._.__..___._._.__..___.___.__..___.___._.l.__l.__-_._..-_.._.—.-.-.—.-.-.—.-.-.—.-.-.—.-.-

. . . T-I—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.—.111 r ) rr
'

A4 4 4 4 A 4 4 a4
L ) -
oo

l.‘l. -.‘l.‘l.‘-.‘l.‘l.‘-.‘l.‘l.‘-. l.‘l..'l.‘l..'l.i.l..'.ﬁ
. . o

cat l_.i.-..__..-_... ....l.._. l.rl.-.l. !

|-|-|-|—.i-f—.f-i—.f—.f—. fiif—.f—.i'fifiifiii..‘iiiiiiiiiiililil.

Ll
e
) . e e e e S
. P .-t.-t.-.t.- .-t.-.t.- » ....“..!
rd o
S i... .
e o
S .
. N .
. P re) - W __... .
l..l. Ll el i A
. L
-
. ..i..
[ 3
B e __.“_.
-
|

LI T T T T T T N T I LI L = .
.-....._.._.-.._.._....._.-...ui.-....-.._....._.._....._.-.... .___.__..___.___._..._._.___._..._._.___._.. . .
F'FFFFEFFEFEFF F'F FFFFFFEFEE FFOF LEN B .__"-.._.__.__.._.__.__.._.__.__.._.__.__.._.__.-_l.-_.._.__.__.._.__.__.._.__.__.._.__.__.._.__.__.._.__.__.-.-.-.-.-.-.-.-.-

I E K T N N N R R A R O N e
rrrFrrFrEFrEErFEFPFRERPFE PP L T R R e e R R

R

PR ooy Bk -
. !-
r
l-‘ -‘-"‘-‘-‘-““““““.‘l‘ .‘.‘l‘. -..‘l '.‘. 'l '. -.. 'l '..-.'  F F FFFF " L J " B ‘- -
. Ll .!._.I 3 .._.r.-..-.-_ I...-..-. ) * . ) ) . X
N 3 P a . %
PR e s A .
R . 3
. X
o 1-..
s »
A ..
a . . . . 3
t.___.....__..._..___.._..___....._.......___._..._._ ._____...._._.__. .___.___._..._._.___._.. - i
. —. F F F F F F F F F FF .. 1-.-
s
E Ll
. . . . . ....‘.
) [Pl P P - .-..._.-..__ . . . . . . . . . . "
ot ' ' ' ' ' ' 1‘...J..J.‘ﬂ..“.".-‘.-‘.-‘.-‘.-.-.-‘.-.- .-‘.-‘.-‘.-‘.-‘.-‘.-‘.-‘.-‘.-‘.-‘.-‘.-‘.-‘.“.“ [ B B B BN ) .J‘.J‘.J‘.“.J‘

N R NN
PR r L or o or o

A l..- l..a -..a l..- l..a -..a l..- l..a -..a l..- '%.a l..- l..a -..a l..- l..a -..a l..- l..a -..a l..- l..a -..a l..- l..a -..a l..- l..a -..a l..- l..a -..a l..- l..a -..a l.' .

I-. I. I‘. L]

4 4 4 4 4 4 4 4 4 4 &+ 4 & 4 &+ 4 +# 4 £ eSS PP PP SFP SRR SPFE SRS SESFPFErFEFSFSESFEFPRErF

.
l_.r.-._-.l_.r-__l.-..r-_.r-_t-.t-.t-..r-.t-.t-.t I".ut ., .r-..r o t!}.-_}-.}!}.-.l*.
'
T A .
Sl w .
. h e
r:. A
...:. .“.__
. M
LT U U R T P P e B I N I A . B
__.-_—_.-.__.-___.-_—_.-.__.-___.-_—_.-.__.-___.-_—_.-.__.-___.-_—_.-._..-__..-_—..-._..-__..-_—..-._.l_..-_—..-._.l_..-_—..-._.l_. .-.__.-.__.-.—_.-.“?. .“l
'
A e
' e A
. A
L)
"y i-_.._.-..__.-..__.-..._.-..__.-..__.-..._.-..__.-..__.-..._.-..__.-..__.-..._.-..__.-_.__.-..._ I .__.-_.._.-..__.-_.__l_.._.-..__l_.__l_.._l.__l_.__l.-I..-l.-l..-l.-l.-l.-l.-I.-l.-l.-l. l_ll..-l_.-.-..-I..-.-..- 2 .-..__.-_.__.-_.._.-..__..-..II.I.-. .-_.__..-_.._..-..__.l..__..-.*
LT ”: ) . .i.._
“_-. ..____. A
™ h e
L L L
L ['] .
. » T T . P R
r Tt T gt g gt G i e ¥ .-.Il.t t.-.t.-. .-_t.-.t.-_t.-_t.-.t.-.t.-.t.-. .-_t.-_t.-.t.-. .-_t.-.t.-. -_t.-.t.-_t.-_t.-.t.-.t.-.t.-.t-.t l..r.-_.r.r.r.-.tl.-. e e ey
" T .x ._.: .
h e .
'y N
. ll ) N .
'y A
e M
.“.._
.
Tl » .
4
.-” .-_..t.-..-...l...t.-.-..._lllllll...!.-..-l-l.-.l..l...l.-l.-.l..l.-_l..l...l.-l.._l..l.-_l
-_IJ_.-_J.J_J_J. LI .” Il.-l.-l.-l.-l...l.-l_..I..J...J_....-_...J..”.l....-_.._.-....l.__ .-..__l.__.-_.”_.-..”_l.__l_.”_.-..”_l_.”_.-_.._l..__l.__l_.”_.-..”_l_.”_.-_.”_l..”_l.__i T e e e e e e e e e e - - [ A . o 3 .l..l.m!fﬂjl.l'
L . .”I..._..-..__..-. l.-..-..-_.__..-_.-..-..-..-_.-..-_.-..-..-..-_.-..-_.-..-..-..-_.-..-_.-..-..-..-_.-..-..-..-..-..-..I.-..l.-..-..-..i.-..l.-..l.-..i.-..l.-.ll.....-..._..-. Sy SN .__..-_.__..-_.._..-..__..-..__.l” - -” t_-tl.ﬁ.}.ll.
. . . r . . .
¥ .-.ll_ll_-l_ll_ll_-l.ll.-l.-l'I.-l.-l.-l.-l...l.-'.._l.r'.._l.-l.._l.-l.-l.-l.-l.-l.-l.-l.-I.-I.ll.tl.l-.ll.-l.-.-.l.-.l.-.-.-.l.-.l.-.-.-.l.-.l.-.-.-.l.-.l.-.l!._. o e ! N .i.il_
T . . . . . . . & . l.-.l.-.l.-.l.-.llllllll.-_
..-..__ e e e e b ke e b e -l-l-l-l-.
e SN ANy 3
! .ﬁ r -l_ .k 1.I.__..I

B e de i e e i e e i e e W W W R R R R W
F F r F r F r F o F o F oo o0 . ' . -

w r
—.-..-..-_.r.-.._
._.-_.-..-.l.-._.
_..-..-..-_......_.__
r.-..-..-_.r._..__
r.-_.-..-_.....__.__
r.-.l..-_.-..-.__
k ._I_I_i-_...-_.__.-_........-.
a4 .
-.-..-..l—_...._l.__

-
I a e e T e i T i i R
FEorraraow roa o

&

.l
e

S -

'S ' X

. o -

e e -

. Py -

l__l..._.I.:.._ e e

L A x

ey s -

oo e e

e -

Yy o

S -

e -

. e -

) e e

R -

N o

s . )

e s

S - X

'y o

B ..__.__.._.__.__.._.__.__.._.__.__.._......_...__.._.__...._......_...__.._.___”

L U N I I I I I R S

FIG. 6



US 11,530,874 B2

Sheet 6 of 6

Dec. 20, 2022

R T N R R N N R N N N N N N N L

U.S. Patent

[ N R [l Tl S S ey oy oy L e e e e e e o B T N e e T T T T T T T R T N e [ T Y

22

r .
P P T T T T T T T P P N T N T T P T P T P T T T T T T T T T T T T P P T P ) ST T T T T T T T P T T T N T T T T T T T T T T T T T T T T T T P T T T T T T P T T T T T TN ) -

i e e e g h]
] A H

]

]

]

s ot R g gt g g _.

r h] >

7

FIG

o e

qJ g gk
£
g

"y e g o b

‘.‘I.‘..
’

-
ol

L N T

F1G. 8

Poap T T Y A R Ty 0 Ly ey L A ey




US 11,530,874 B2

1

DRY BOX AND CONTROL METHOD
THEREOK, AND PREPARATION METHOD
OF ORGANIC ELECTROLUMINESCENT
DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s the National Stage of PCT/CN2019/

081305 filed on Apr. 3, 2019, which claims priority under 35
U.S.C. § 119 of Chinese Application No. 201810613551.3

filed on Jun. 14, 2018, the disclosure of which 1s incorpo-
rated by reference.

10

TECHNICAL FIELD b

Embodiments of the present disclosure relate to a dry box,
a control method thereotf, and a preparation method of an
organic electroluminescent device. 20

BACKGROUND

Due to i1ts advantages of thinness, light weight, wide
viewing angle, active light emission, continuously adjust- 55
able emitted colors, low cost, high color gamut, high con-
trast, fast response speed, low energy consumption, low
drive voltage, wide operating temperature range, simple
production process, high luminous efliciency, flexible dis-
play, or the like, an organic light-emitting diode device 30
(OLED) has been listed as the promising next-generation
display technology.

SUMMARY
35

Embodiments of the present disclosure provide a dry box,

a control method thereotf, and a preparation method of an
organic electroluminescent device.

At least one embodiment provides a dry box, comprising
a cavity and a hot plate provided 1n the cavity. The hot plate 40
comprises a plurality of heating spots, the plurality of
heating spots being arranged towards the hot plate to support
a surtace of a device to be dried, and some of the tempera-
ture of the plurality of heating spots being different and the
heating spots being insulated from each other. 45

For example, the hot plate comprises a substrate and a
plurality of mmdependent heating sources provided on the
substrate, the substrate being made of a heat insulating
material.

For example, the heating spots are respectively top por- 50
tions of the heating sources on the hot plate, or points or
regions respectively corresponding to orthographic projec-
tions of the heating sources on the hot plate.

For example, shapes of the orthographic projections of the
plurality of heating sources on the substrate are different. 55
For example, the dry box further comprises temperature

controllers configured to adjust the temperatures of the
heating sources, each of the temperature controllers being
coupled to a corresponding heating source, or, the heating
sources having a same shape of orthographic projections on 60
the substrate being coupled to a same temperature controller.

For example, the dry box 1s configured to dry an organic
clectroluminescent device to be dried, and the plurality of
heating sources on the substrate are divided into a plurality
of groups, a cross-sectional shape of the plurality of the 65
heating sources in each group perpendicular to a thickness
direction of the substrate 1s the same as a shape of a pattern

2

to be dried 1n a plurality of subpixels in each pixel unit of the
organic electroluminescent device to be dried respectively.

For example, the dry box further comprises temperature
controllers configured to adjust a temperature of the heating
sources, the heating sources configured to heat subpixels
emitting light of the same color being coupled to a same
temperature controller.

For example, grooves are provided on the substrate, the
heating sources are provided in the grooves, respectively,
and the dry box further comprises a control member con-
figured to control the heating sources to move up and down
in a thickness direction of the substrate.

For example, each temperature controller 1s an electric
heating structure provided with a thermocouple, and the
clectric heating structures adjusting output currents in real
time according to the temperature fed back by the thermo-
couples.

At least one embodiment also provides a method of
controlling a dry box, the dry box comprising a cavity and
a hot plate provided 1n the cavity, the hot plate comprising
a plurality of heating spots, the plurality of heating spots
being arranged towards the hot plate to support a surface of
the device to be dried, and the plurality of heating spots
having different temperatures and are insulated from each
other, the control method comprising: controlling a heating
temperature ol each of the plurality of heating spots, such
that each pattern to be dried 1n the device to be dried has a
same evaporation rate in the dry box.

For example, the hot plate comprises a substrate and a
plurality of independent heating sources provided on the
substrate, the substrate being made of a heat insulating
material, the control method turther comprising: controlling,
the movement of the heating sources, such that the heating
sources moves 1n a direction away from the substrate.

For example, the heating spots are respectively top por-
tions ol the heating sources on the hot plate, or points or
regions respectively corresponding to the orthographic pro-
jections of the heating sources on the hot plate.

At least one embodiment also provides a method of
preparing an organic electroluminescent device, comprising;:
forming a pattern to be dried of an organic electrolumines-
cent device on a substrate; and placing the substrate on

which the pattern to be dried 1s formed on a hot plate of the
dry box 1n an alignment manner for drying.

For example, the forming the pattern to be dried of the
organic electroluminescent device on a substrate comprises:
forming a hole 1mjection layer to be dried, a hole transport
layer to be dried, and an electroluminescent layer to be dried
on the substrate using a solution process.

BRIEF DESCRIPTION OF THE DRAWINGS

The embodiments of the present disclosure will be
described in more detail below with reference to the accom-
panying drawings, such that those skilled 1n the art under-
stand the embodiments of the present disclosure more
clearly, 1n which:

FIG. 1 1s a schematically structural diagram of a dry box
according to an embodiment of the present disclosure;

FIG. 2 1s a schematically structural diagram of a hot plate
according to an embodiment of the present disclosure;

FIG. 3 1s a schematic diagram of a correspondence
relationship between a heating source and a temperature
controller according to an embodiment of the present dis-
closure;
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FIG. 4 1s a schematic diagram of a correspondence
relationship between a shape of the heating source and a

shape of a pattern to be drnied according to an embodiment
of the present disclosure;

FI1G. 5 1s a schematically structural diagram of a device to
be dried according to an embodiment of the present disclo-
SUre;

FIG. 6 1s a schematically structural diagram of the hot
plate and the temperature controller according to an embodi-
ment of the present disclosure;

FIG. 7 1s a schematically structural diagram of the heating,
source and a substrate according to an embodiment of the
present disclosure; and

FIG. 8 1s a sectional view taken along A-A direction in

FIG. 7.

DETAILED DESCRIPTION

Technical solutions of the embodiments will be described
in a clearly and fully understandable way in connection with
the drawings related to the embodiments of the disclosure.
It 1s apparent that the described embodiments are a part but
not all of the embodiments of the disclosure. Based on the
described embodiments herein, one of ordinary skill 1n the
art can obtain other embodiment(s), without any creative
work, which shall be within the scope of the disclosure.

Unless otherwise defined, all the technical and scientific
terms used herein have the same meanings as commonly
understood by one of ordinary skill in the art to which the
present disclosure belongs. The terms, such as ‘first,” ‘sec-
ond,” or the like, which are used 1n the description and the
claims of the present disclosure, are not intended to indicate
any sequence, amount or importance, but for distinguishing
various components. The terms, such as ‘comprise/compris-
ing,” ‘include/including,” or the like are intended to specity
that the elements or the objects stated before these terms
encompass the elements or the objects and equivalents
thereol listed after these terms, but not preclude other
clements or objects. The terms, ‘on,” ‘under,” ‘mnside,” ‘out-
side,” or the like are only used to indicate relative position
relationship, and when the absolute position of the object
which 1s described 1s changed, the relative position relation-
ship may be changed accordingly.

The thin film deposition method for an organic electrolu-
minescent device mainly includes an evaporation process
and a solution process. The evaporation process 1s suitable
for small organic molecules, and has good umiformity of film
formation and relatively mature technology, but its equip-
ment investment 1s huge, the material utilization 1s low, and
a mask for a large-sized product has a low alignment
accuracy. The solution processes includes spin coating,
inkjet printing, nozzle coating, or the like, suitable for
polymer materials and small soluble molecules, with the
characteristics of low equipment cost and outstanding
advantage 1n mass and large-size production.

The inventor noticed that after formed by the solution
process, a liquid organic thin film 1s dried and then baked.
During the drying process, when a plurality of patterns to be
dried with different shapes 1s dried under complete same
drying conditions, uneven drying occurs.

For example, when the organic thin film formed by inkjet
printing 1n red, green, and blue subpixel regions 1s dried in
a dry box on the same substrate, due to diflerent sizes of the
red, green, and blue subpixel regions, a required drying
pressure 1s not consistent, a volatilization rate 1s diflerent
under the same pressure, and it cannot obtain three good
organic films under the same pressure. For example, for
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forming an electroluminescent layer, due to different sizes of
the red, green, and blue subpixel regions, red, green, and
blue electroluminescent layers require different vacuum
drying conditions. In the mass production, usually, the red,
green and blue electroluminescent layers are prepared by a
liqguid process and then dried in the dry box. When the
drying eflect of one of the red, green and blue electrolumi-
nescent layers 1s better, the drying eflect of the other two of
the red, green and blue electroluminescent layer 1s not 1deal.
In this way, when the electroluminescent layers are dried
under the same vacuum drying condition, the drying effect
1s inevitably undesirable, such that three electroluminescent
layers which are dried evenly cannot be obtained under the
same vacuum drying condition. In the present disclosure,
different temperatures are applied to the red, green, and blue
subpixel regions to solve this problem. Due to the vacuum
condition, different temperatures among the red, green, and
blue subpixel regions do not cause crosstalk. The tempera-
ture control process 1s related to the size of the pixel region,
a specific surface area of the 1nk, a saturated vapor pressure,
a molecular weight of an organic solvent, or the like. An
ultimate purpose of controlling the temperature 1s to enable
the organic thin films 1n the red, green and blue subpixel
regions to have the same evaporation rate (Gs) under the
same pressure. That 1s, Gs,=Gs ~Gs 5.

An embodiment of the present disclosure provides a dry
box. As shown 1n FIG. 1, the dry box includes a cavity 10
and a hot plate 20 provided 1n the cavity 10. The hot plate
20 1ncludes a plurality of heating spots 21, and the heating
spots 21 are arranged towards the surface of the hot plate 20
for supporting the device 30 to be dried. Some of the
plurality of heating spots 21 have different temperatures and
some of the heating spots 21 have the same temperature, and
the heating spots 21 are insulated from each other.

It 1s to be noted that, for example, the heating spots 21 are
arranged towards the surface of the hot plate 20 for sup-
porting the device 30 to be dnied. In this way, when the
device 30 to be dried 1s placed on the hot plate 20, the
heating spots 21 are brought into direct contact with the
device 30 to be dried.

For example, the hot plate 20 icludes the plurality of
independent heating spots 21.

For example, the temperatures of the plurality of heating
spots 21 may not be completely the same, 1.e., some are the
same and some are different. The temperatures of the
plurality of heating spots 21 may be controlled indepen-
dently, or temperatures of some of the heating spots are
controlled synchronously, but the heating spots 21 are 1nsu-
lated from each other, and temperature crosstalk will not
OCCUL.

For example, the heating spots 21 may be arranged
reasonably according to a usage scenario, or the like.

The principle of improving the uniformity of the device
30 to be dried in the embodiments of the present disclosure
1s as follows. The factors allecting the evaporation rate of the
liquid include: (1) the temperature applied to the liqud; (2)
the specific surface area (S/V) of the liquid; (3) an air flow
velocity of the liquid surtface; (4) the saturated vapor pres-
sure of the solvent; (5) the molecular weight M of the
organic solvent. Generally, when films with the same func-
tion are prepared by a solution process, the used solvent 1s
the same. That 1s, the molecular weight M of the organic
solvent 1s the same. The patterns to be dried 1n the device 30
to be dried (the organic patterns formed 1n red, green and
blue subpixel regions respectively) are 1n the same dry box,
and the air flow velocity 1n the cavity 10 1s the same, but due
to different sizes of the patterns to be dried, the specific
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surface areas S/V (V=4/3nR>, S=4nR?) of the patterns to be
dried are different. The saturated vapor pressure ol the
solvent 1s related to the applied temperature. Therefore, for
the patterns to be dried 1n the dry box, the factors affecting
the drying uniformity are the temperature applied to the
liquid and the specific surface area of the liquid. According
to the specific surface area of the pattern to be dried, the
temperature applied to the pattern to be dried 1s adjusted to
improve the uniformity of the pattern to be dried.

In the mass production, the device 30 to be dried includes
a plurality of patterns to be dried with different shapes and
s1zes. When the device 30 to be dried 1s placed 1n the dry
box, the drying conditions in the dry box are constant, but
under the same drying condition, the evaporation rates of the
solvents 1n different patterns to be dried are different. Due to
the evaporation rate of the liquid relating to the temperature
applied to the liquid, in the embodiment of the present
disclosure, the temperatures of the heating spots 21 on the
hot plate 20 are not completely the same, and the tempera-
tures of the heating spots 21 on the hot plate 20 may be
controlled independently. In this way, different temperatures
are applied to different patterns to be dried of the same
device 30 to be dried, such that the evaporation rate of the
solvents 1n the different patterns to be dried 1s the same, so
as to improve the uniformity of the surfaces of the different
patterns to be dried.

In some embodiments, as shown 1n FIG. 2, for example,
the hot plate 20 includes a substrate 22 and a plurality of
independent heating sources 23 arranged on the substrate 22,
and the substrate 22 1s made of a heat 1nsulating material.

For example, the heating spots 21 are the top portions of
the heating sources 23 on the hot plate 20, or the heating
spots 21 are points or regions respectively corresponding to
orthographic projections of the heating sources 23 on the hot
plate 22.

For example, the substrate 22 1s made of an existing
material with thermal insulation function, and the material
of the substrate 22 should be suitable for use 1n the dry box.

In addition, the heating sources 23 are independent from
each other, and the substrate 22 1s made of the heat 1nsu-
lating maternial. In this way, the heating sources 23 are
insulated from each other without interfering with each
other. For example, the patterns of the plurality of heating
sources 23 on the substrate 22 may be the same or difierent.
Those skilled 1n the art should understand that the heating
sources 23 may be 1n direct contact with the device 30 to be
dried. For example, in order to further improve the stability
of placing the device 30 to be dnied, the surface of each
heating source 23 1n contact with the device 30 to be dried
should be a plane parallel to the substrate 22.

Any manner capable of causing the heating sources 23 to
generate thermal energy in the art 1s applicable to the present
disclosure.

In the embodiment of the present disclosure, the heating
sources 23 are provided on the insulating substrate 22, and
the device 30 to be dried 1s heated by the heating sources 23.
On the one hand, the heating sources 23 and the device 30
to be dried may be supported by the substrate 22 to stabilize
the entire drying process, in addition, the problem that the
patterns to be dried 1s prevented due to the lean caused by
the 1nstability of the device 30 to be dried.

In some embodiments, as shown 1n FIG. 2, the shapes of
the orthographic projections of the plurality of heating
sources 23 on the substrate 22 may not be completely the
same, 1.¢., some of the shapes of the orthographic projec-
tions of the plurality of heating sources 23 on the substrate
22 are the same and some are different.
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For example, the cross-sectional areas of the plurality of
heating sources 23 may not be completely the same, 1.¢.,
some of the cross-sectional areas of the plurality of heating
sources 23 are the same and some are different.

For example, the adjustment of the temperature applied to
the patterns to be dried in combination with the specific
surface area of the patterns to be dried may improve the
uniformity of the device 30 to be dnied. In order to further
improve the heat uniformity of the patterns to be dried, the
present disclosure adjusts the cross-sectional shapes of the
heating sources 23, such that each region of each pattern to
be dried 1s heated simultaneously. In this way, the uniformity
of the device 30 to be dried 1s further improved. The detailed
description will be made below.

In some embodiments, the dry box includes a plurality of
temperature controllers 40, and each of the temperature
controllers 40 1s coupled to one or a group of heating sources
23 having the same shape or cross-sectional shape to 1nde-
pendently control the temperatures of each heating sources
23, and to i1ncrease the scope of application of the dry box.

In some embodiments, as shown in FIG. 3, the dry box
includes a plurality of temperature controllers 40, and the
heating sources 23 having the same shape of the ortho-
graphic projections on the substrate 22 are coupled to the
same temperature controller 40.

For example, the heating sources 23 with the same
orthographic shape on the substrate 22 usually heat the
patterns to be dried with the same shape, and the required
output heating temperatures are the same. In this way, the
heating sources 23 with the same orthographic shape on the
substrate 22 are controlled by the same temperature con-
troller 40, the count of the temperature controllers 40 may be
saved, and the configuration of the dry box 1s simplified.

In some embodiments, as shown 1n FIG. 4, the dry box 1s
configured to dry the organic electroluminescent device. The
plurality of heating sources 23 on the substrate 22 are
divided into a plurality of groups, and the cross-sectional
shapes of the plurality of heating sources 23 1n each group
perpendicular to the thickness direction of the substrate 22
are the same as the shape of the patterns to be dried 1n a
plurality of subpixels 1 each pixel unit of the organic
clectroluminescent device to be dried.

Exemplarily, as shown 1n FI1G. 4, each pixel unit includes
red, green, and blue subpixels (three subpixels in a dotted
box). For the organic electroluminescent device to be dried,
the pattern to be dried 1n the red subpixel 1s a red electrolu-
minescent layer R, the pattern to be dried in the green
subpixel 1s a green electroluminescent layer G, and the
pattern to be dried 1n the blue subpixel 1s a blue electrolu-
minescent layer B. Correspondingly, three heating sources
23 on the substrate 22 constitute a group (three heating
sources 23 1n a dot dashed line box), and three heating
sources 23 1 each group are configured to heat three
patterns to be dried of the red electroluminescent layer R, the
green electroluminescent layer G, and the blue electrolumi-
nescent layer B respectively; the cross-sectional shape of the
heating source 23 for heating the red electroluminescent
layer R 1s the same as the shape of the red electrolumines-
cent layer R, the cross-sectional shape of the heating source
23 for heating the green electroluminescent layer G 1s the
same as that of the green electroluminescent layer G, and the
cross-sectional shape of the heating source 23 for heating the
blue electroluminescent layer B i1s the same as that of the
blue electroluminescent layer B.

Exemplarily, as shown in FIG. 5, a 60 umx150 um red
clectroluminescent layer R, a 78 umx204 um green elec-
troluminescent layer G, and a 78 umx234 um blue elec-
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troluminescent layer B are formed by inkjet printing simul-
taneously. Correspondingly, the device after inkjet printing
1s placed 1n the dry box to be dried, the heating sources 23
act on open areas 1n the subpixels, and according to a mark
on the hot plate 20, different colors of subpixels correspond
to the heating sources 23 of diflerent temperatures respec-
tively, and the heating sources 23 corresponding to the red,
green and blue subpixels respectively have different tem-
peratures and cross-sectional areas. For example, the tem-
peratures of the heating sources 23 are adjusted according to
the volatilization rates of the solvents in the red electrolu-
minescent layer R, the green electroluminescent layer G, and
the blue electroluminescent layer B; the cross-sectional area
of each heating source 23 for heating the red electrolumi-
nescent layer R 1s 60 umx1350 um, the cross-sectional area
ol each heating source 23 for heating the green electrolu-
minescent layer G 1s 78 umx204 um, and the cross-sectional
area of each heating source 23 for heating the blue elec-
troluminescent layer B 1s 78 umx234 um. That 1s, the contact
areas of the heating sources 23 and the device 30 to be dried
are respectively the same as the opening size of each of the
red, green, and blue subpixels in the opening regions (the
opening regions are configured to inkjet print the organic
thin film), so that the red electroluminescent layer R, the
green electroluminescent layer G, and the blue electrolumi-
nescent layer B can be dried simultaneously.

The heating sources 23 directly act on the opening regions
ol the subpixels, respectively. Due to the heating sources 23
heating the device 30 to be dried in the vacuum cavity 10,
and no air presents as a transmission medium, the tempera-
tures among each other cannot cause crosstalk.

Or, the heating sources 23 are not in direct contact with
the opening regions of the pixels. For example, the heating
sources 23 may have a distance of, for example, less than
about 10 nm from the opening regions, and the pixels are
heated using the principle of thermal radiation 1n a vacuum
environment.

For the patterns to be dried in the dry box, the factors
aflecting the drying umiformity include the temperature
applied to the liquid, the saturated vapor pressure of the
solvent, and the specific surface area of the liquid. For
example, for the structure 1n FIG. §, S./V =S /V =S ./V ..

With respect to the determination of the heating tempera-
ture of each heating source 23: according to Mazak’s
formula, the evaporation rate of an organic liquid 1s Gs=
(5.38+4.1u)P_ FM"?, where Gs is an evaporation amount of
the organic solvent, u 1s the air flow rate 1n the environment
of the hollow dry box, P, is the saturated vapor pressure of
the organic solvent, F is the specific surface area (that 1s, the
surface area to volume ratio S/V) at which the organic
solvent 1s volatile, and M 1s the molecular weight of the

10

15

20

25

30

35

40

45

50

8

organic solvent. Therefore, the evaporation rate 1s related to
the saturated vapor pressure, and 1n turn, the saturated vapor

pressure 1s related to the applied temperature. According to

the Antoine formula, In(Pv)=9.3876-3826.36/(1-45.47) (T
1s between 290K and 500K), and the relationship between
the saturated vapor pressure and the temperature 1s obtained,
PVZBQ.BSTG—S826.36;'{(2"—45.47)‘

The evaporation rate 1S Gs=(5.38+
4.1u)e” 87073820 30/L=4TEMY2 Tn a same dry box, the red
clectroluminescent layer R, the green electroluminescent
layer G, and the blue electroluminescent layer B are dried
simultaneously, that 1s, the evaporation rates of the three are

equal, 1.€., Gs,=Gs.=Gs,,  that  1s: (5.38+
4‘ jhu)69.3 876—-3826.36/(7Tp—45 .47)FRM1;"2:(5 38+
4.jhu)eE?.B876—3826.36!(Tg—45.4T)FGM11’2:(5.38+
4 jhu)69.3 876-3826.36/(Tp—45 '47);BM1}1{23 i.e.,,

9.3876-3826.36/(Tr-45 .47)F 269.3876—3 R826.36/(1—45.47)
R

e
F =g’ 28767382030/Is=-47)F where F is the specific sur-

face area S/V of the pattern to be dried.

For example, the solvent commonly used 1n 1nkjet print-
ing 1s anisole. If the heating temperature of the red elec-
troluminescent layer R 1s fixed at 20° C. and the saturated
vapor pressure corresponding to the anisole 1s 0.257, the
specific surface areas of 1k of the red electroluminescent
layer R, the green electroluminescent layer G and the blue
clectroluminescent layer B are calculated respectively. The
proportional distribution may be performed according to the
temperatures and specific surface areas of the green elec-
troluminescent layer G and the blue electroluminescent layer
B, and the heating temperatures of the green electrolumi-
nescent layer G and the blue electroluminescent layer B can
be calculated based on the above-mentioned formula.

In the following, Table 1 i1s the specific surface area
corresponding to the common droplet volume and droplet
radius. Table 2 1s the saturated vapor pressure of some
solvents often used 1n mkjet printing at different tempera-
tures.

TABLE 1

Specific surface areas corresponding to the common
droplet volumes and droplet radii

Ink Droplet Ink Droplet Specific Surface
Volume V/pl Radius R/um Area S/V mm™
1 6.203504909 483597586.2
5 10.60784418 56561916.81
10 13.36504618 22446611.56
15 15.29915871 13072614.24
TABLE 2

Relationship between the Solvent Temperature and the Saturated Vapor Pressure

10

Water

Ethylene glycol
Anisole

Glycerol
Diethylene glycol
butyl ether
Diethylene glycol
monomethyl ether
N-butylbenzene
Diphenyl ether
Phenylcyclohexane

1.2281

15 20 23 25 30 40 50 100
1.7056 2.3388  2.8104 3.169 4.2455 7.3814 12.344 100
0.008 0.01 0.012 0.017 0.034 0.065 2.169
0.257 0.312 0.354 0.4%3 0.873 1.52
0.001 0.001  0.001 0.002 0.003
0.008 0.01 0.012 0.017 0.034 0.066 1.1
0.122 0.17 0.209  0.238 0.327 0.597
4.70E-02 0.067 0.082  0.094 0.131 0.247
0.003 0.003  0.004 0.005 0.011 0.023
0.006 0.007  0.008 0.012 0.024 0.047
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TABLE 2-continued

10

Relationship between the Solvent Temperature and the Saturated Vapor Pressure

10 15 20 23 25 30
Phenetole 0.131 0.16  0.182  0.252
Isopropanol 5.9 7 7.8 10.1

In some embodiments, due to the specific surface areas of
the patterns to be dried 1n the subpixels emitting light of the
same color are the same, the heating sources 23 for heating
the subpixels emitting light of the same color also have the
same temperature. Based on this, as shown in FIG. 6, the dry
box according to the embodiment of the present disclosure
turther includes temperature controllers 40 for adjusting the
temperatures of the heating sources 23. For example, the
heating sources 23 that heat subpixels emitting light of the
same color are coupled to a same temperature controller 40.

That 1s, the plurality of heating sources 23 that heat the red
clectroluminescent layer R are coupled to a same tempera-
ture controller 40, the plurality of heating sources 23 that
heat the green electroluminescent layer G are coupled to a
same temperature controller 40, and the plurality of heating
sources 23 that heat the blue electroluminescent layer B are
coupled to the same temperature controller 40.

The temperature adjustment of the heating sources 23 by
the temperature controllers 40 1s based on the specific
surface areas of the patterns to be dried corresponding to the
heating sources 23, and the temperature of each heating
source 23 1s determined with reference to the above prin-
ciple. Here, the specific surface area of each pattern to be
dried can be input to a temperature controller 40, the
temperature controller 40 calculates the heating temperature,
or other components calculate the heating temperature, and
the temperature controller 40 controls the heating tempera-
ture according to the calculation result. Other ways may be
used.

In some embodiments, 1n order to further avoid tempera-
ture crosstalk between the heating sources 23, for example,
as shown 1 FIGS. 7 and 8, grooves are disposed on the
substrate 22, the heating sources 23 are disposed in the
grooves, respectively, and the dry box further includes a
control member 50. The control member 50 1s configured to
control the heating sources 23 to move up and down 1n the
thickness direction of the substrate 22.

The shapes of the grooves allow the heating sources to be
placed thereimn. That 1s, the orthographic projections of the
grooves on the substrate 22 cover the orthographic projec-
tions of the heating sources 23 corresponding to the grooves
on the substrate 22. In some embodiments, the depth of each
groove 1s greater than the length of a corresponding heating
source 23 in the thickness direction of the substrate 22.

During the drying process, the control member S0 1s
raised to control the heating sources 23 to move away from
the substrate 22 (the dotted line as shown in FIG. 8), such
that the heating sources 23 support the device 30 to be dried.
After the heating 1s completed, the control member 350
controls the heating sources 23 to move 1n a direction
towards the substrate 22, such that the heating sources 23 are
placed inside the substrate 22.

For example, 1n some embodiments, in order to accurately
control the temperatures of the heating sources 23 1n real
time, each temperature controller (Tem Controller) 40 1s, for
example, an electric heating structure provided with a ther-
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mocouple, and the electric heating structure adjusts the
output current in real time according to the temperature fed
back by the thermocouple.

The temperature control principle of the heating sources
23 1s explained below. The pixel units are heated by applying
an external current, and a closed-loop system 1s formed by
the thermocouple feedback temperature to regulate the out-
put currents of the heating sources 23 in real time, for
example, the value of the temperature 1s adjusted using a
proportion integral differential coetlicient (PID), so as to
control different patterns to be heated at diflerent tempera-
tures.

Although the description 1s made with the case where the
pixel unit includes red, green and blue subpixels 1n the
above, the embodiments of the present disclosure are not
limited thereto. For example, the pixel unit may further
include subpixel units of other colors. In this way, the
corresponding heating source group also includes the cor-
responding heating sources 23 and the corresponding heat-
Ing spots.

An embodiment of the present disclosure also provides a
control method of a dry box, including: controlling a heating
temperature of each heating spot 21, such that each pattern
to be dried in the device 30 to be dried has a same
evaporation rate in the dry box.

Other drying conditions 1n the dry box are not changed,
and the heating temperatures of the heating spots 21 are not
completely the same. That 1s, some of the heating tempera-
tures are the same, and some are different. The method of
obtaining the heating temperature of the heating spot 21
corresponding to each pattern to be dried 1s as described
above.

In the method of controlling a dry box according to the
embodiment of the present disclosure, during the drying
process, different temperatures are applied to diflerent pat-
terns to be dried of the same device 30 to be dried, such that
the solvents 1n different patterns to be dried have the same
evaporation rate, so as to improve the surface uniformity of
different patterns to be dried.

In some embodiments, the control method further
includes: controlling the heating sources 23 to move, such
that the heating sources 23 move in a direction away from
the substrate 22.

That 1s, the heating sources 23 are controlled to be raised,
such that a given distance presents between the device 30 to
be dried and the substrate 22. For example, the heating
sources 23 may be raised after the device 30 to be dried 1s
placed in the dry box, or the heating sources 23 may be
raised belfore the device 30 to be dried 1s placed 1n the dry
box.

An embodiment of the present disclosure also provides a
method of preparing an organic electroluminescent device,
including following operations.

S10, forming a pattern to be dried of an organic elec-
troluminescent device on a substrate.

The pattern to be dried 1s formed from a solution obtained
by dissolving an organic material 1n a solvent. At this point,
the pattern to be dried 1s 1n a liquid state. The formation of
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the pattern to be dried on the substrate may be to form a hole
injection layer to be dried or a hole transport layer to be dried
or an electroluminescent layer to be dried, or the like, on the
substrate using the solution process.

For example, for the formation of the electroluminescent
layer, the red electroluminescent layer to be dried formed 1n
the red subpixel, the green electroluminescent layer to be
dried formed 1n the green subpixel, and the blue electrolu-
minescent layer to be dried formed in the blue subpixel have
patterns which are not completely the same.

520, placing the substrate on which the pattern to be dried
1s formed on the hot plate 20 of the above-mentioned dry
box 1n an alignment manner for drying.

For example, during the drying process, the dry box
controls the temperature of each heating spot 21 correspond-
ing to the electroluminescent layer pattern of each color
according to different heating temperatures required for the
clectroluminescent layer pattern of each color, such that
cach region of the liquid organic film layer may be dried
relatively uniformly, and the yield of the organic electrolu-
minescent device 1s improved.

The embodiments of the present disclosure provide a dry
box, a control method thereot, and a method of preparing an
organic e¢lectroluminescent device. Due to the evaporation
rate of a liquid being related to the temperature applied to the
liquid, in the embodiments of the present disclosure, by
setting the temperatures of the heating spots on the hot plate
not completely the same, the temperatures of the heating
spots on the hot plate can be controlled independently. In
this way, different temperatures are applied to diflerent
patterns to be dried of the same device to be dried, such that
the evaporation rates of the solvents 1n different patterns to
be dried are the same to improve the surface uniformity of
different patterns to be dried.

The following statements should be noted.

(1) The accompanying drawings involve only the struc-
ture(s) 1n connection with the embodiment(s) of the present
disclosure, and other structure(s) can be referred to common
design(s).

(2) Without conflicting with each other, the embodiments
of the present disclosure and elements in the embodiments
can be combined.

The description above 1s only exemplary embodiments of
the present disclosure, and the scope of the present disclo-
sure 15 not limited thereto. Any changes or substitutions
readily conceived by one of ordinary skill 1n the art without
departing the technical scope of the present embodiments,
shall fall within the scope of the present disclosure.

What 1s claimed 1s:
1. A dry box, comprising a cavity and a hot plate provided
in the cavity,
wherein the hot plate comprises a plurality of heating
spots, the plurality of heating spots being arranged
towards the hot plate to support a surface of a device to
be dried, and some of temperatures of the plurality of
heating spots being different from each other and the
heating spots being insulated from each other;
wherein the hot plate comprises a substrate and a plurality
of independent heating sources arranged in array on the
substrate, the substrate being made of a heat insulating
material; and
the heating spots are respectively top portions of the
heating sources on the hot plate, or points or regions
respectively corresponding to orthographic projections
of the heating sources on the hot plate.
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2. The dry box according to claim 1, wherein some of
shapes of the orthographic projections of the plurality of
heating sources on the substrate are diflerent.

3. The dry box according to claim 1, further comprising,
temperature controllers configured to adjust temperatures of
the heating sources,

cach of the temperature controllers being coupled to a

corresponding heating source,

of,

the heating sources having a same shape of orthographic

projections on the substrate being coupled to a same
temperature controller.

4. The dry box according to claim 1, wherein the dry box
1s configured to dry an organic electroluminescent device to
be dried, and the plurality of heating sources on the substrate
are divided 1nto a plurality of groups, a cross-sectional shape
of the plurality of the heating sources 1 each group per-
pendicular to a thickness direction of the substrate 1s same
as a shape of a pattern to be dried 1n a plurality of subpixels
in each pixel unit of the organic electroluminescent device
to be dried respectively.

5. The dry box according to claim 4, further comprising
temperature controllers configured to adjust a temperature of
the heating sources, the heating sources configured to heat
subpixels emitting light of a same color being coupled to the
same temperature controller.

6. The dry box according to claim 1, wherein grooves are
provided on the substrate, the heating sources are provided
in the grooves, respectively, and the dry box further com-
prises a control member configured to control the heating
sources to move up and down 1n a thickness direction of the
substrate.

7. The dry box according to claim 3, wheremn each
temperature controller 1s an electric heating structure pro-
vided with a thermocouple, each electric heating structures
adjust outputting currents 1n real time according to a tem-
perature fed back by a corresponding thermocouples.

8. A method of controlling a dry box, the dry box
comprising a cavity and a hot plate provided 1n the cavity,
wherein the hot plate comprising a plurality of heating spots,
the plurality of heating spots being arranged towards the hot
plate to support a surface of the device to be dried, and the
plurality of heating spots having different temperatures from
cach other and are insulated from each other, the hot plate
comprises a substrate and a plurality of independent heating
sources arranged 1n array on the substrate, the substrate
being made of a heat mnsulating material, and the heating
spots are respectively top portions of the heating sources on
the hot plate, or points or regions respectively corresponding
to orthographic projections of the heating sources on the hot
plate; the control method comprising:

controlling a heating temperature of each of the plurality

of heating spots, such that each pattern to be dried in the
device to be dried has a same evaporation rate in the dry
box; and

controlling the movement of the heating sources, such

that the heating sources moves 1n a direction away from
the substrate.

9. A method of preparing an organic electroluminescent
device by using a dry box, wherein the dry box comprises a
cavity and a hot plate provided in the cavity, wherein the hot
plate comprises a plurality of heating spots, the plurality of
heating spots being arranged towards the hot plate to support
a surface of a device to be dried, and some of the tempera-
tures of the plurality of heating spots being different from
cach other and the heating spots being insulated from each
other; the hot plate comprises a substrate and a plurality of
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independent heating sources arranged in array on the sub-
strate, the substrate being made of a heat insulating material;
and the heating spots are respectively top portions of the
heating sources on the hot plate, or points or regions
respectively corresponding to orthographic projections of
the heating sources on the hot plate; wherein the method
COmprises:

providing a substrate;

forming a pattern to be dried of the organic electrolumi-

nescent device on the substrate; and

placing the substrate on which the pattern to be dried 1s

formed on the hot plate of the dry box in an alignment
manner for drying.

10. The method according to claim 9, wherein the forming
the pattern to be dried of the organic electroluminescent
device on the substrate comprises:

forming a hole ijection layer to be dried, a hole transport

layer to be dried, and an electroluminescent layer to be
dried on the substrate using a solution process.

11. The dry box according to claim 1, further comprising
temperature controllers configured to adjust temperatures of
the heating sources,

cach of the temperature controllers being coupled to a

corresponding heating source,

of,

the heating sources having a same shape of orthographic

projections on the substrate being coupled to a same
temperature controller.
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12. The dry box according to claim 11, wherein the dry
box 1s configured to dry an organic electroluminescent
device to be dried, and the plurality of heating sources on the
substrate are divided into a plurality of groups, a cross-
sectional shape of the plurality of the heating sources 1n each
group perpendicular to a thickness direction of the substrate
1s same as a shape of a pattern to be dried 1n a plurality of
subpixels 1n each pixel unit of the organic electrolumines-
cent device to be dried respectively.

13. The dry box according to claim 12, further comprising
temperature controllers configured to adjust a temperature of
the heating sources, the heating sources configured to heat
subpixels emitting light of a same color being coupled to a
same temperature controller.

14. The dry box according to claim 13, wherein grooves
are provided on the substrate, the heating sources are pro-
vided 1n the grooves, respectively, and the dry box further
comprises a control member configured to control the heat-
ing sources to move up and down 1n a thickness direction of
the substrate.

15. The dry box according to claim 14, wherein each
temperature controller 1s an electric heating structure pro-
vided with a thermocouple, each electric heating structures
adjust outputting currents 1n real time according to a tem-
perature fed back by a corresponding thermocouple.
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